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We analyse the phenomenological consequences of target and current fragmenta-
tion contributions at next to leading order in semi-inclusive spin dependent deep
inelastic scattering asymmetries.
1 Introduction:
Recently, there has been an increasing interest in spin dependent semi-inclusive
deep inelastic processes motivated by the inminence of high precision semi-
inclusive experiments1;2, and by theoretical considerations related to factori-
zation3;4. Both, open the possibility to extract information about the spin of
the proton and study hadronization phenomena.
Originally, the observables proposed to be measured, the so called spin de-
pendent asymmetries, were thought in terms of its QCD leading order (LO)5
descomposition which implied a trivial or eventually vanishing dependence on
the kinematical variable z: the hadron energy fraction. The experiments pro-
posed so far are designed to measure this observables in certain specic range
of this variable. As the naive description does not take into account events
coming from the target fragmentation, which dominate at low values of z, the
low z-cut is chosen is such a way that most of these events are discarded. In
order to increase the statistics, the data are then integrated over the measured
range assuming the trivial LO z-dependence of the observable. In this picture,
once the target fragmentation region is eliminated, both the z dependence of
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the asymmetry in the restricted interval and that of the integrated observable
coming from the z-cut, become trivial.
However, two facts spoil this simple picture, target fragmentation is always
present and NLO corrections introduce a non trivial dependence3;4. It is then
highly desirable to have an estimate of how these target fragmentation eects
are suppresed by the kinematical cut and how dramatic is the residual next
to leading order (NLO) z dependence. These are the main objectives of this
presentation.
2 Semi-Inclusive Asymmetries:
It is customary to dene semi-inclusive spin asymmetries Ah1N , as the ratio
between the dierences of semi-inclusive deep inelastic cross sections for the
production of a hadron h o a target N with opposite helicities (hN) and
the correspondent unpolarized cross section (hN ), and dierence asymmetries
Ah
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where YM ; YP are kinematical factors and  is the helicity of the incoming








































for pion production on deuterium and proton targets respectively. In the rst
case, eq.2, the z dependence is that of the already known unpolarized fragmen-
tation functions and for dierence asymmetries, eq.3, this dependence cancels.
In the experimental determination of these asymmetries what are actually
measured are the cross sections integrated over a range of the variable z, and
eventually the data are analised taking into account the LO dependence.
This simple picture for the asymmetries is obiously spoiled when either
target fragmentation eects or next to leading order corrections are included.
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The latter implies that the factors in eq.2 have to be replaced by NLO convo-
lutions that also prevents the cancelation of the z dependence in eq.3. Adding
to this, at NLO target fragmentation eects must be necesarily included using
fracture functions for a consistent factorization os collinear divergences3 . The
full expressions for NLO cross sections can be found in reference3;6;7.
3 Results:
In this section we compute semi-inclusive spin asymmetries for proton and
deuteron targets including NLO QCD corrections and contributions coming
from the target fragmentation region. For these we use NLO fragmentation
functions8, parton distributions9;10 and a model for spin dependent fracture
functions4.
In gures (1a) and (1b) we show the naive (solid lines) and the NLO
corrected (dashed lines) single asymmetry results for the production of positive
hadrons o protons imposing two dierent kinematical cuts (a) z > 0:20 as in
the COMPASS proposal11, and b.) z > 0:10 as in that of HERMES2). For
comparison we also include data from EMC12 and SMC1 experiments and the
errors expected by COMPASS11.
In these asymmetries the size of the corrections, which is not signicant
regarding the precision of the available data, are dominated by NLO current
fragmentation eects, fracture functions do not contribute signicantly. These
results have been obtained using polarized parton distributions with non neg-
ligible gluon polarization. As can be expected, for sets without gluon polariza-
tion the size of the corrections are even smaller. Identical results are obtained
for the production of negative hadrons and for neutron and deuteron targets.
These gures show also a very mild z-cut dependence which can be ex-
ploited for increasing the statistics within on experiment, or just for a safe
comparison of the future experimental results.
In gures (2a) and (2b), we show the naive (solid lines) and the NLO cor-
rected (dashed lines) results for dierence asymmetries imposing two dierent
kinematical cuts (a) z > 0:25 and b) z > 0:20). We also include data from
the SMC1;13 experiment.
Notice that at variance with what is found for single asymmetries, here
the z-cut dependence is much more apparent. For z > 0:10, gure 3, one nds
that the corrections dier in shape and sign, and for the deuteron becomes
singular at z  0:20.
The unexpected behauvior of these corrections, which are dominated by
target fragmentation, is due to the fact that these eects spoil the cancelation
of dierence between fragmentation functions in expressions like eq.3. These
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Figure 1: Semi-inclusive asymmetries for muoproduction of charged pions and kaons on a
proton target with: a) z > 0:2, b) z > 0:1
dierences vanish in the neighbourhood of z  0:20 for pions, making the
observable unstable, and for example leading to the singular behauvior in the
deuteron asymmetry.
Conclusions
Imposing dierent kinematical cuts, such as those proposed by the COMPASS
and the HERMES collaborations, we have computed predictions for both ex-
periments, using NLO fragmentation functions, parton distributions and also
a model for spin dependent fracture functions.
We have found for the so called \dierence" asymmetries that the corre-
sponding corrections produce signicant eects which depend on the inclusion
of events where the hadron energy fraction is smaller or greater than approx-
imattely 0.2 units. The value chosen for the z-cut not only modies the size
of the corrections but also the sign of them. These behaviours are closely re-
lated to the fact that pions of opposite charge are produced with almost equal
probability in this kinematical region.
Our estimates imply for single asymmetries that the corrections are almost
in the accuracy limits of the forthcoming experiments and that the dierent
choices for the z-cuts have no signicant consequences in them. However, for
dierence asymmetries, the corrections and its dependence on z are crucial for
the interpretation of the data and the comparison of the experimental results.
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Figure 2: Dierence asymmetries for: a) z > 0:25, b) z > 0:20
Figure 3: The same as gure (2) for z > 0:10
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